The aim of our study is to assess the risk factors for medical treatment failure and to predict the patients who will require the surgical therapy as well as to predict the factors affecting treatment success.
Introduction
Tubo-ovarian abscesses (TOA) are characterized by a walledoff inflammatory mass involving adnexa. It is a consequence of advanced pelvic inflammatory disease (PID) in almost all cases, including diverticulitis, appendicitis, inflammatory bowel disease, and gynecologic or obstetric surgery, and rarely occurs after pelvic surgery (1) . Risk factors for TOA are similar to those of PID such as multiple sexual partners, presence of intrauterine devices, history of PID, and immunosuppression (1) . Most of the women with TOA are at their reproductive ages; thus, the primary aim of management is to be as conservative as possible. TOA still carry a risk of mortality, but its incidence dramatically decreased because of the new generation of antibiotics and tools for early diagnosis. However, the morbidity associated with TOA remains significant with complications including infertility, ectopic pregnancy, chronic pelvic pain, pelvic thrombophlebitis, and ovarian vein thrombosis (2) . The optimal treatment regimen for TOA is less clear. Treatment modalities include intensive antibiotic therapy, minimally invasive drainage procedures, invasive surgery, or a combination of these interventions. Although TOA mostly respond well to medical treatment, approximately 20%-25% of patients require surgical procedures, including laparotomy or laparoscopy with drainage of abscess, unilateral or bilateral salpingo-oophorectomy, and hysterectomy (3). However, surgery for TOA is often technically difficult and associated with complications. The aim of our study is to predict the patients who will require surgical therapy as well as the factors affecting treatment success. This study may contribute to create objective criteria to predict the need for operational intervention.
Material and Methods
This was a cross-sectional study including 76 women with TOA who were either treated conservatively (group 1) and surgically (group 2) and were admitted to two gynecology units over a 4-year period. The study was subject to local ethics committee's approval, and written informed consent was obtained from patients who participated in this study. All authors and the study protocol have complied with the World Medical Association Declaration of Helsinki regarding the ethical conduct of research involving human subjects. In this study, some of the following tests were conducted in case of a suspicion of TOA: gynecologic examination, physical examination, erythrocyte sedimentation rate (ESR), white blood cell (WBC) count, C-reactive protein value (CRP), and ultrasound and microbiological studies from vaginal swab sampling. TOA was diagnosed in patients with abdominal pain, cervical mucopurulent discharge, cervicaladnexal tenderness on examination, and one or more of minor criteria such as fever, leukocytosis, and presence of ultrasonographic (Logiq and Voluson, General Electric, Tiefenbach, Austria) findings such as a complex mass with irregular walls, partitions, and internal echoes. The demographic characteristics of the patients, gynecologic and obstetric histories, and the size and localization of abscesses were recorded. Specimens from vagina were cultured in aerobic, anaerobic, and Thayer-Martin mediums. Pap smear test was performed for all patients. Gentamicin was administered to all the patients [loading dose intravenous (2 mg/kg of body weight), followed by a maintenance dose (1.5 mg/kg) every 8 h] (Genta; I.E Ulagay Medical, Istanbul, Turkey) plus clindamycin (900 mg IV every 8 h) (Cleocin; Pfizer Inc., New York, USA) treatment protocol according to the recommendation of the Center for Disease Control and Prevention (4). Ampicillin (Duocid; Pfizer Inc., New York, USA) treatment was administered to three patients with the positive culture of Actinomyces. Response to treatment was evaluated after 48-72 h. Patients who fail to respond to medical treatment required surgery or percutaneous drainage. The criteria used to determine the failure of treatment were as follows: 1) persistent fever (>38.2°C), 2) enlarging pelvic mass, 3) persistent or increased abdominopelvic tenderness, 4) persistent or further elevation of WBC count, and 5) signs of sepsis such as arterial hypotension [systolic blood pressure (SBP) of <90 mmHg, mean arterial pressure of <70 mmHg, or an SBP decrease up to >40 mmHg in adults or less than two standard deviations below the normal value based on age], arterial hypoxemia [arterial oxygen tension (PaO 2 )/fraction of inspired oxygen [FiO 2 ] of <300), acute oliguria (urine output of <0.5 mL/kg/h for at least 2 h despite adequate fluid resuscitation), creatinine increase up to >0.5 mg/dL or 44.2 µM/L, coagulation abnormalities [international normalized ratio (INR) of >1.5 or activated partial thromboplastin time [aPTT] of >60 s), thrombocytopenia (platelet count of <100,000 µL, tachypnea, respiratory rate of >20 breaths/min, heart rate of >90 beats/min or more than two standard deviations above the normal value depending on age, and ileus (absent bowel sounds) (5). All patients were followed up for 6 months to evaluate recurrence. Data were analyzed by the SPSS 17.0 software (SPSS Inc. IBM, Chicago, IL, USA), and descriptive data were expressed as mean±standard deviations (SDs) as well as range. Chi-square and Fischer exact tests were used to analyze categorical variables and the Mann-Whitney U test was used to compare the clinical parameters of women between the groups. P values of <0.05 were considered to be statistically significant. Receivers operating characteristics (ROCs) were used to determine the threshold for age, TOA size, and WBC count.
Results
We classified the patients under medical treatment (group 1) and medical plus surgical treatment (group 2) groups. The mean age of the patients in this study was 40.34±7.4 years. There was only one postmenopausal patient. In the surgery group, patients were significantly older than those in the other group (44.9±5.4 versus 39.1±7.6 years). The other characteristics of the groups are given in Table 1 . Forty-five patients (59%) had intrauterine devices when TOA was diagnosed. Fifty-six patients (74%) responded to antibiotics and 20 patients required surgical intervention ( Figure 1 ). Patients treated with antibiotics were hospitalized for an on average of 6.32±2.8 days versus 12.75±5.6 days for those who required surgery (p=0.021).
Vaginal cultures of 50 patients were negative; the remaining results are shown in Table 2 . There was no significant difference between groups in laboratory parameters, except for initial WBC counts (Table 3) . Patients treated with antibiotics alone had lower mean WBC count than those who required surgery (11.2±2.6 versus 16.3±6.5; p=0.03). The mean CRP level was higher in the surgery group than that in the medical treatment group. However, the difference was not significant (p=0.4). Furthermore, there was no difference in ESR levels between the groups (64.5±31.1 versus 62.5±27.2; p=0.84). Patients who were surgically treated had a mean size of TOA of 67.9±11.2 mm versus 53.6±9.4 mm for those treated with antibiotics alone (p=0.036). We decided on performing surgical intervention after an average of 2.1±0.9 days from the start of medical treatment. A total of 74% of the patients were successfully treated with antibiotic therapy alone. When surgical intervention was needed, seven hysterectomies (performed with unilateral or bilateral salpingo-oophorectomy), six unilateral salpingo-oophorectomies, and seven ultrasound-guided drainages were performed. Surgically treated patients had more complications. The most common complication encountered was blood transfusions in seven patients followed by surgical wound infections in three patients; one patient had bowel injury and the other had bladder injury. In the 6-month follow-up period, we did not observe any recurrence in both the surgical and medical treatment groups. On analysis of the ROC curve, an age cut-off of 42.3 years was found to be optimal for predicting the need of surgical intervention with a sensitivity of 70% and a specificity of 60.7%. A cut-off size of 5.7 cm for TOA was found to be optimal for predicting the need for surgical intervention with a sensitivity of 65% and a specificity of 80%. A cut-off value of 13.6 for WBC count for predicting the need for surgical intervention was found with a sensitivity of 60% and specificity of 53.5% (Table 4) .
Discussion
Despite the decrease in the mortality of TOA in the last decades after using broad-spectrum antibiotics as well as early diagnosis and improvement of imaging techniques, the rupture of abscess is still associated with the risk of mortality. Although the optimal treatment of TOA still remains unclear, conservative therapy should be chosen as the treatment modality as it is mostly seen during the reproductive period. Medical management with broad spectrum antibiotics is generally considered as the initial management of TOA. When antibiotic therapy fails, surgical treatment is indicated. There remains some controversy concerning the extent and timing of operation that is appropriate for the patient requiring surgical intervention. Most of the patients with TOA are candidates for medical management. Success rates of medical treatment have been reported between 67% and 75% (6, 7). In our study, surgical treatment was necessary for 20 patients (26%). Success of medical treatment is associated with the following factors: age, abscess size, bilateral adnexal involvement, laboratory parameters (8) .
Failure of the medical treatment is increased in patients who had abscesses with a size of >5 cm; this may be because of the decreased penetration of antibiotics into the abscess cavity (9-11). Dewitt et al. (12) also found that TOA size is associated with important outcomes including more complications and longer duration of hospitalization as well as an increased need for surgery or drainage in patients with large abscesses as opposed to those with smaller abscesses. They found a 43% failure rate for abscesses with a size of >8 cm. In our study, 18 of 20 (90%) patients who were surgically treated had abscesses with a size of >5 cm; the mean size of abscess was larger in the surgical treatment group. A previous study showed that the recurrence rate of TOA following treatment with antibiotics was higher than that after surgical intervention (12) . However, in our study, there had been no re- 
currence of TOA during the 6-month follow with regard to both medical and surgical therapies. Karasu et al. (13) reported that the mean age of the patients who were successfully treated with parenteral antibiotics was significantly lower than that of the patients who did not respond to medical treatment (37.4 versus 43.5 years). They found 40 years as the cut-off age for medical treatment with a sensitivity of 60% and a specificity of 65%. Greenstein et al. (14) also reported that older age was associated with significantly higher risk of surgery. Our results were similar to previous studies and patients who were surgically treated were older than the others. Fifteen of 20 (75%) patients who were surgically treated were aged >40 years. Patients for whom fertility was no longer a matter of concern facilitated our decision in favor of surgical intervention. We did not detect a malignant tumor associated with abscess, despite a prior study that reported malignant tumors in 13% (2/15) of TOA patients aged ≥40 years. Osser et al. (15) suggests that the use of intrauterine device (IUD) doubles the risk of PID. Sweet and Gibbs (16) reported that the co-occurrence of TOA with IUD was approximately up to 20%-54%. Our data also indicate an association rate of 59%, which is compatible with that reported in the literature. Previous studies reported that the prolonged duration of hospitalization was required in patients with TOA who underwent drainage or surgery (12, 13, 17) . Similarly, we found that the mean duration of hospitalization was significantly longer in patients who were surgically treated. Laboratory evaluation in patients with TOA mostly reveals leukocytosis, increased ESR, and elevated CRP levels. Several authors have investigated the relationship between laboratory findings and the need for surgery. In a study, a higher CRP level was identified as an important indicator for surgery. However, the lymphocyte and WBC counts in the same study were not significantly elevated (17) . Güngördük et al. (18) showed that CRP and ESR levels were higher in surgically treated patients. In another study, CRP and ESR levels were found to be good predictors for medical treatment failure. In this study, they found the cut-off value for CRP and ESR levels as 6.7 mg/L and 50 mm/h, respectively (13) . Unlike these studies, a significant difference was not observed in CRP levels and WBC count between the favorable or poor prognosis group in the study by Topçu et al. (19) . In our study, we found that there was no significant difference in CRP and ESR counts between the groups. We did not observe a relationship between these parameters and medical treatment failure. On the other hand, the initial WBC counts were significantly different between medically and surgically treated patients. The small population sample was the limitation of our study.
The results need to confirm with a larger study population. Also, prospective cohort studies will be needed to demonstrate an independent relationship across clinical and laboratory parameters as well as decision of surgical intervention.
In conclusion, increased size of pelvic mass, higher initial WBC counts, advanced age, and smoking were all associated with failed response to conservative treatment. At present, antibiotics are the mainstay of treatment for TOA. In some patients, medical treatment must be combined with operational intervention.
It is important to identify risk factors to discriminate patients who will respond to antibiotic therapy or need a surgical treatment. Thus, the required early intervention can be provided to reduce morbidity associated with TOA.
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